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f Jacua ry  3, 1966 , 

Dr. John T. Eolloway 
Acting Director 
bfiicc of Research  Grants and Contracts 
Code SC 
National Aeronautics and Space Adminish-ation -i 
3ashington 25, I3 C. 22546 

A s  reported previously, the results of a series of crciseriincnts. involvii?g 
the acceleration of spherical particles in the flow behind the shcck 'mve i:: 3 

shock trrbe, have shown the same trend ol" drag cocfficicnt (CD'I V E ~ S U S  2ey;-.1.~i& 
number (Re) as is cIassicaily a c c q t c d  for spheres in steady, i n c o i n p r x ; d e  
flow. Hoiwvcr, the CD data from the shock tube wcre substantially higher tha.: 
thc classical  valucs =ad exhibited a large scat tcr  a;id a scnaitiviiy to 1bL;ach riiim- 
3e.r (iv 
re-$orting period has b x - n  an iiivcstigation or' the causes of these sifccts. 

at values of M below L. 3. The 1.rir.icipai cm,;hasis duriiq tl:c subject 

P ,,- 7 r .-.{., ,,a1 ci;anii;;ation of the shock tube cxpei'iarient 'ads s h o ~ m  that Tiit1 

cffccts of boundary layer and x~ake unsteadiness, free s trcani hrbuleccc, sar- 
t ick rotation, and particle acceleratioz are negligibk ifi the current  invcsti9a- 
tions However ~ particle surface roughness )vas Couiid to iilfluence significanti;, 
the particle drag data. 
spherical particies (0, et4 to C .  Q16 inches i.m diameter) where m m i n d l y  ' ' ~ m o o ~ h  ' 

sur faces  become aerodynamically rough; i. e. , the s ize  of the surface rou$mean 
bocomc-s signiiicLwt wncn compared to tile thickness of the boundary Layer ' 
t;?C sphere. Sphere drag data, obtained by using carefully cleaned. l q p e d  sa$- 
phirc  balls (surface finish on th2 order of 5 micro-inches), aLj:jroached tile 
classical  drag data arid exhibited much less oi thc scatter a id  none of the h.ach 
number dcpende:icc that was found by using rclativel?. ;+oggh guyowder ball; a::d 
commercial glass  beads. The rougher particles sklo,~cd an incresse of CD b-iFn"l 
iid at values of &I bclow 0. 3. Findly,  t!tosc rougittiess effects occurred at values 
of R e  significantly below the conventional cri t ical  value. 
been reported by 8. P. Selberg as a profeesional thesis in "Shock Tube Determina- 
tion of tire Drag Coefficient of Small Spherical Particles;" this report has 'hwn 
submitted fw L ~ ~ o ) l i ~ a t i c i i  3s 

This roughness effect was. found by using vcry small 
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These resul ts  have 
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An evaluation of the performance of the shock tube in which the above investi- 4 

gations m r e  made has shown that, at values of free s t ream M greater  than about 
P. 5 or {,. 6 ,  increasing boundary layer effects and decreasing test  times precludc 
its use to obtain CD data in the slip and compressikkk flow regimes. Two experi- 
mcnts are bcing investigated for replacing the shock tube. In one experiment, a 
magnetically suspcrrded spherical p r t i c l e  will  Le piaced in a small ,  subsonic, 
steady-state wind tunnel. This ailpoach yields the advaatagcs of the wind tiinnel 
without support interference effects and, in conjunction with the Laboratory's 
vacuum system, will permit a fa i r ly  deep penetration of the subsonic, comgrcs- 
sible slip flow regime with both smooth arid rough ?articles. 

of tile shock tube that arc required in studics involvix charged mu burying ,article.;. 
This t-::ierim-ent uses an q x m s i o n  tubc: the particles are acceleratcd ill thc f ! w  
geilcrated ay a11 msteady ccntcred csprmsion xavc propagating iato a ! O ! ~ , J .  t~ :e. 
The priilcipaJ. acivaiitage, compared to f l ip  shock tubc. of this appoach  i-; tli2 i"ilg 
test t i i x  availabie; ctirrcfit resul ts  in a prototype tub2 13 feet long siiow t L  test 
time of 15 milliseconds at an M of 0. 5 compared to a 4 millisecond test time for 
tk shock tube a t  the same value of M. 

The second experiment is expected to replace the "free trajectory" provisiozs 

Sincerely yours, 

J. A. ru'icholls 
P r o  jcc t Supervisor 

33155 


